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Introduction
Bladder cancer, is the most frequently occuring out of the urinary tract carcinomas, 6 th in all cancers, and approximately three times more common in men. [1] There are many risk factors for bladder cancer, including tobacco use, family history, occupational exposure, longterm urinary catheter use, and Schistosoma haematobium infection. [2] About 90% of bladder cancers present as pure urothelial carcinomas (transitional cell carcinoma), while the remaining 10% are squamous cell carcinomas, adenocarcinomas, and other subtypes of urothelial carcinoma. [3] Approximately 75% of the lesions are limited to the bladder at the time of diagnosis, while 25% are detected in the regional lymph nodes or in distant locations. [4] Bladder carcinoma can be roughly divided into three groups; organ-limited type without muscle invasion, organ-limited type with muscle invasion, and metastatic disease. Intravesical bacillus Calmette-Guarin immunotherapy and/or intravesical chemotherapy following the transurethral resection of bladder tumor (TURBT) is recommended in the organ-limited type without muscle invasion. [5] Cisplatin-based neoadjuvant chemotherapy followed by radical cystectomy, bilateral pelvic lymph node dissection, and urinary diversion is recommended in patients with organ-limited type with muscle invasion depending upon the extension of disease. Cisplatinbased adjuvant chemotherapy can be considered in high-risk patients, especially if they have not been given neoadjuvant chemotherapy. [6] In metastatic disease, cisplatin-based chemotherapy is suggested. If the patient is not eligible for cisplatin, carboplatin-based protocols or a single drug protocol can be administered. [7] In patients with bladder carcinoma the use of pelvic, abdominal, and thoracic computed tomography (CT) or magnetic resonance imaging (MRI) is recommended to evaluate local invasion and regional or distant lymph node and organ metastasis. [8] MRI has superiority over CT in local staging, especially in superficial and multiple lesions. In periviscreal fat tissue invasion and regional or distant lymph node metastases, these two imaging methods have a similar accuracy. [8] [9] [10] [11] [12] [13] Since only a morphological evaluation can be performed with imaging methods such as CT and MRI, issues arise especially in detecting metastatic lymph nodes that are smaller than 1 cm. They also can give false positive or negative results due to the lack of metabolical data. Therefore, Florine-18 2-fluoro-2-deoxy-D-glucose-Positron emission tomography/ computed tomography (FDG-PET/CT) consisted of FDG-PET, which provides metabolic information and CT, which provides morphological information. It thus plays an important role in the staging and restaging of bladder carcinoma. [14] [15] [16] Urinary excretion of FDG makes bladder the ideal physiological uptake area for FDG-PET/CT and it limits the use of FDG-PET/CT in the evaluation of perivesical invasion and local staging of bladder carcinoma. On the other hand, the superiority of FDG-PET/CT over radiological methods has been reported in the detection of pelvic lymph nodes, distant lymph nodes, and metastases. [17] [18] [19] [20] In addition, to overcome the disadvantage in the use of FDG-PET/CT evaluating bladder due to physiological FDG uptake, diuretic administiration or bladder catheterization methods have been tested and favorable results have been obtained. [21] Nevertheless, studies that investigate power of FDG-PET/CT in bladder carcinoma are not frequently reported. In this case series, we presented role of FDG-PET/CT in the restaging of bladder cancer and its effect on patient management.
Material and methods

Patient population
Between July 2011 and May 2018, the patients who were admitted to our clinic for FDG-PET/CT imaging and were pathologically diagnosed as bladder cancer were included in the study. A total of 83 patients were showed radiological images with suspicious lesions and were referred to the Nuclear Medicine Department for restaging. All these patients had sufficient medical data in the hospital database. Of these patients, 12 (14.5%) were female and 71 (85.5%) were male. The mean age was 66±10 years. The lesions reported as metastasis were confirmed by biopsy or serial radiological imaging.
All of the cases underwent TURBT or cystectomy according to the pathologic stage after the diagnosis of bladder cancer. Patients were followed up with CT or MRI after the first treatment. PET/CT images obtained for restaging were investigated retrospectively and the maximum time interval between radiological and FDG-PET/CT imaging was 1 month.
Before imaging protocol, the necessary information was given and all the potential risks were explained to the patients. Informed consent forms that included a statement that imaging data may be used for studies without revealing personal data, were read and signed by all the patients. The study was performed according to principles of the declaration of Helsinki.
PET/CT imaging FDG-PET/CT imaging of all patients was performed with the Biograph™ PET/CT system (Siemens Molecular Imaging, Hoffman Estates, IL, USA) consisting of a PET unit and a 2-slice spiral CT in the Nuclear Medicine Department of Balcali Hospital, Cukurova University. It was ensured that the patients were fasting for at least 4 hours before the injection and the blood glucose level was between 70-200 mg/dL. Patients were given 2 liters of water until radiopharmaceutical injection. After 10-15 milliCurie FDG injection, the patients were rested in a comfortable and quiet place at an appropriate temperature for about 60 minutes. In this process, patients were given IV hydration and allowed to urinate immediately before image acquisition to prevent urinary tract artifacts. In addition, oral opaque material was given to patients for CT imaging from the 6 th hour to the time of the FDG injection.
Whole body PET/CT images were obtained between the skull base and the mid-thigh region approximately 60 minutes after the FDG injection. The patients were placed in the supine position while maintaining a normal breathing speed during the image acquisition. All images were reconstructed with a 2.4 mm increment and a 5 mm slice thickness. The PET emission time was adapted to the patient weight; <60 kg: 2 minutes, 60-80 kg: 2.6 minutes, and <80 kg: 3 minutes of bed position. Applied activity, administration time, and patient weight were used for the calculation of maximum standardized uptake value (SUVmax).
Image interpretation
All images were evaluated by three nuclear physicians in three sections (axial, coronal, and sagittal) and in 3-D projection (maximum intensity projection or MIP). The SUVmax value of each focus that had a dense FDG uptake was calculated.
Statistical analysis
All analyses were performed using the IBM Statistical Package for the Social Sciences Statistics Version 20.0 statistical (IBM SPSS Corp.; Armonk, NY, USA) software package. Categorical variables were expressed as numbers and percentages, whereas continuous variables were summarized as mean and standard deviation and as median and minimum-maximum where appropriate. The Chi-square test was used to compare categorical variables between the groups. The statistical level of significance for all tests was set at a p-value of 0.05.
Results
Of the total patients, 90% of them were diagnosed with urothelial carcinoma, a rate that is similar to what has been previously recorded in the literature. In most of the cases that were diagnosed as urothelial carcinoma, the subtype was not observed, but the most common subtype is papillary urothelial carcinoma in patients whose subtypes were reported. Of the eight patients with non-urothelial carcinoma, two were diagnosed with mucinous adenocarcinoma, two had mixed carcinoma (urothelial + small cell carcinoma), one had urachal carcinoma, one had undifferentiated large cell neuroendocrine carcinoma, one had small cell carcinoma, and one was diagnosed with squamous cell carcinoma. At the time of diagnosis, submucosal invasion was detected in 73 (88%) patients and muscle invasion was observed in 51 (61.5%) patients. Before PET/CT, 27 patients (32.5%) underwent cystectomy and 56 patients (67.5%) underwent TURBT (Table 1 ).
In FDG-PET/CT images, the most common pathological foci were lymph nodes (37/83; 44.5%). In the lymphatic system, pathological FDG accumulation was observed mostly in the pelvic lymph nodes (20/83; 24%). FDG-PET/CT has a higher pathological lesion detection rate than morphological diagnostic methods in the lymphatic system. The number of patients with suspected lymph node lesion was 28 (28/80; 35%) on CT and 6 (6/19; 31.5%) on MRI. Pelvic lymph nodes were also demonstrated most frequently with radiological methods. The percentage of suspected pelvic lymph nodes in the CT and MRI was 17.5% (14/80) and 15.7%, respectively (3/19). FDG-PET/CT detected bone lesions in 25.3% (21/83) of patients, while this rate was 8.7% (7/80) in CT and 15.7% (3/19) in MRI. Metastatic lesion detection rates of imaging methods according to regions are given in Table 2 . In addition, FDG-PET/CT was positive in 8 of 12 patients with local spread shown with radiological methods. FDG-PET/CT demonstrated local invasion that was not shown with radiological methods in four additional patients (Figure 1-4 ).
The contribution of FDG-PET/CT to patient management was also investigated. The study group consisted of cases with suspected lesions during routine radiological follow-up with CT or MRI and who were referred to our clinic for restaging. FDG-PET/CT provided different or additional information in a total of 29 patients (34.9%) and caused a change in treat- ment planning according to radiological imaging methods. In 16 of these 29 patients, FDG-PET/CT positivity led to a progression in patient staging. In addition, nine patients (10.8%) showed malignant focus not only in suspected lesions but also in other foci. In the remaining 13 patients (15.6%), malignancy was excluded in the suspicious lesions and the stage was regressed, thus eliminating the possibility of distant metastasis or local spread, which saved these patients from a possible radiotherapy or chemotherapy regimen. The stage progression was detected with FDG-PET/CT and advanced treatment approaches differed according to the lesion site.
In two patients, because metastasis was detected only in the pelvic region, radiotherapy was planned for the specific lesion sites. Systemic chemotherapy was initiated in 10 patients due to the presence of distant metastases. In 4 patients, a combination of radiotherapy and chemotherapy was applied because of local invasion or local lymph node spread and distant metastases. In the remaining 13 patients, possible malignant foci were excluded and unnecessary biopsy or other procedures were avoided. In 54 patients, FDG-PET/CT and radiological imaging reports were recorded simultaneously during patient management.
FDG-PET/CT also affected the operational decision of the patients. A total of 56 patients had undergone only TURBT and not cystectomy when PET/CT was performed. In 5 of these 56 patients (8.9%), the operational status changed according to the findings from FDG-PET/CT. Cystectomy was performed in three of these patients because no metastatic foci were detected in FDG-PET/CT. The pathological primer mass was compatible with the sample that was taken during TURBT, and none of extracted lymph nodes were metastatic. Among these 5 patients, 1 patient underwent partial cystectomy due to atypical localization of a nodular vesical mass that was unsuitable for biopsy. The mass was reported as a urachal carcinoma mixed-type (mucinous+neuroendocrine carcinoma) and three metastatic lymph nodes were detected. In the last one, a mass that had invaded to the urethra and penis was seen on the FDG-PET/CT, following which a urethrectomy was performed.
Discussion
Ultrasonography, CT, MRI, and FDG-PET/CT are used for radiological diagnosis and follow-up of bladder cancer. FDG-PET/CT is superior in the detection of distant organ and lymph node metastasis while contrast MRI is prominent in performing T-staging or evaluating the local spread. [12, 13, 16] CT has modarate accuracy in bladder carcinoma. The detection power of CT in local staging decreases with extravesical invasion of the tumor and microscopic metastases in regional and distant lymph nodes, which can cause a high rate of skipping. [10, 22, 23] 426 A study in which Tritschler et al. [22] investigated the value of CT in bladder cancer, the success of CT in local evaluation was found to be 49% and the success rate in lymph node evaluation was 54%. They also found that the success of CT went up to 24%, depending upon up or down staging. In the same study, the accuracy for lymph nodes was 54% and CT was shown to be more effective in showing negative lymph nodes. Tekes et al. [13] evaluated the strength of MRI in local staging and obtained a moderate level of accuracy on the basis of the patient and a high level of accuracy on the basis of the lesion in local staging. MRI can also correctly distinguish a superficial tumor from an invasive tumor and an organ-confined tumor from extensive disease at the rate of 85% and 82%, respectively.
The use of FDG-PET/CT in bladder cancer is still an area to be studied. The excretion of FDG via the urinary system limits the evaluation of local spread of bladder cancer and regional metastases. Therefore, there are few studies in the literature that investigated the role of FDG-PET/CT in bladder cancer. FDG-PET/CT is indispensable for cancer screening because of its ability to provide metabolic data and morphological data, which led to the emergence of some methods for the use of FDG-PET/CT for local assessment. One of the most commonly used methods for this purpose is intravenous furosemide injection, followed by forced diuresis and additional images from the pelvic region taken 1 hour later. Using this technique, Nayak et al. [20] found the sensitivity of FDG-PET/CT in 25 patients (78%) to be higher than contrast CT (44%) in both local assessment and in locoregional lymph nodes. In another similar study, Harkirat et al. detected 16 positive foci in the tumor region in the late diuretic images of 29 patients. Moreover, 7 of these 16 lesions could be obtained only with PET and could not be differentiated on CT images. [24] Anjos et al. [25] showed upstaging in late diuretic images by detecting positive new lesions in 6 of 16 patients in the bladder wall and in 2 of 16 patients in the paravesical lymph nodes.
A limited number of studies in the literature attempt to reveal the diagnostic value of FDG-PET/CT in bladder cancer. For this purpose, while Apolo et al. [26] compared the FDG-PET/ CT findings with biopsy or consecutive CT and MRI images, the sensitivity and specificity on the lesion basis were found to be 87% and 87% and on the patient basis as 81% and 94%, respectively. In addition, in 40% of 57 patients, FDG-PET/CT revealed additional new lesions in comparison to the conventional morphological methods. Similar to our study, the metastases were most frequently observed in the lymph nodes, lungs, and skeletal system, respectively.
Kibel et al. [27] tested the diagnostic strength of FDG-PET/CT in 41 patients for both primary tumor and lymph node metastases. In patients without cystectomy, a positive lesion was seen in 28 of 34 patients with a mean SUVmax of 13.1 (±10.6) in the bladder. In the lymph nodes, the sensitivity and specificity of the proven metastases were reported as 70% and 94%, respectively; however, there was no discrimination between the different lymph node regions. With these results, the treatment management changed in 2 patients in total, which is quite low as compared to our results.
Although the use of PET in cancer imaging is a good metabolic detector of the lesion, it cannot provide anatomical information. Further, CT remains inadequate due to its inability to correctly distinguish between malignant and benign lesions in spite of correct anatomic positioning. Therefore, hybrid PET/CT is superior to these methods. Goodfellow et al. [28] , according to their study in 207 high-risk patients the PET/CT outside of the pelvis was more sensitive than CT (sensitivity PET/CT: 54%, CT: 41%) but the specificity was approximately the same (specificity PET/CT: 97%, CT; 98%).
In the same study, in the PET/CT combination of 93 patients who met the criteria when the pelvic region was evaluated, a significant increase was observed in the sensitivity to CT alone and the sensitivity increased from 45% to 69%. In our study, a similar increase was observed (pelvic region lymph node sensitivity: 17.5% in CT, 24% in FDG-PET/CT) and the sensitivity was lower for the pelvic region with both methods. In a multi-center retrospective study with 287 patients by Zattoni et al. [29] , the FDG-PET/CT was found to be superior to contrast-enhanced CT and MRI in the lymph node, lung. and The demonstration of distant metastases or new lesions by FDG-PET/CT is important in shaping the treatment management of the patient. While a local recurrence or a small number of regional lesions may require radiotherapy, widespread metastasis may require more aggressive systemic therapies or palliation. Therefore, determining the ability of FDG-PET/ CT to change treatment management can provide important information about the follow-up of bladder cancer. A study in which the effect of radiotherapy management of FDG-PET/CT in invasive bladder carcinoma was investigated by Mertens et al. [30] , FDG-PET/CT images and radiological imaging differed significantly in 21.9% of 96 patients, which occurs at a high rate (19.8%) and is seen as upstaging with additional lesions. As a result of these findings, the treatment was changed in 13 patients. This rate was relatively low as compared to 29 patients (34.9%) in our study. In seven of 13 patients, palliative treatments were recommended after PET/CT. Apolo et al. [26] , as a result of the questionnaire that was admininstered among physicians, reported that physicians changed their approaches in 36 of 57 patients after reviewing PET/CT images, which resulted in avoidance of unnecessary biopsy and imaging. In our study, the most frequent distant metastases were detected with the help of FDG-PET/CT, and new systemic chemotherapy protocols were planned in 10 patients. Therefore, 13 patients were protected from unnecessary procedures.
Our study had some limitations. Firstly, it did not consist of a homogeneous group of patients. More precise results can be achieved in prospectively monitored patient groups that have the same pathological type, similar operational procedures, and treatment protocols of an equal duration. Secondly, our patient group consisted of relatively few patients. The accuracy of the results can be increased through meta-analysis or multi-center studies in which more patients are involved. Thirdly, long-term results of patients in our study group could not be obtained. The prognosis of the patients with new lesions, the patients whose treatment protocols changed, and even the patients that showed negative results with FDG-PET/CT remained unknown. The correlation of our data with long-term results may present new findings in terms of patient management in the future.
In conclusion, FDG-PET/CT is an effective imaging modality for not only distant organ or nodal metastasis, but also for the detection of regional nodal metastases, in spite of the physiological uptake of FDG in the urinary tract. Also, additional data provided by FDG-PET/CT in both the regional and distant foci have changed the treatment protocol in a significant part of the patients or protected patients from unnecessary procedures and treatments.
